B1180/20046 107561684 

\km R«'d ?ni?m 2 2 dec 2005 

SAMPLE HOLDING DEVICE AND METHOD FOR THE 
PRODUCTION THEREOF 

The invention relates to sample receiving devices with 
5 the features of the preamble of claim 1. The invention 
also relates to processes for the manufacture and/or the 
usage of such sample receiving devices. 

The cryoconservation is a generally known process for 
10 the conservation of particularly biologically (or medi- 
cally) relevant materials. These materials comprise, for 
example, cell aggregates, tissue and organs, body liq- 
uids or also individual cells or cell constituents, par- 
ticularly in the dissolved or suspended condition. The 
15 cryoconservation is performed according to certain pro- 
cedures in containers or on substrates wherein the con- 
figuration is adapted to the sample with the biological 
material. Containers used for cryoconservation are 
known, for example for tissues and organs (refer to DE- 
20 OS 199 22 31, EP-A 0 853 238, DE-OS 197 25 768, DE-OS 
199 05 163), for blood components (refer e.g. to DE-OS 
198 26 350) and for cell or drop type cryosamples (refer 
e.g. to US-A-5 275 016, EP-B 0 475 409, DE-OS 199 21 
236, EP-B 0 804 073) . 

25 

With the cryoconservation of biological samples, there 
is a general interest in the quick loading of containers 
for sample receiving without the involvement of any par- 
ticular undue effort. Furthermore, it should be possible 

30 to manufacture the containers as a mass product in a 

technologically uncomplicated manner and at a low price. 
These requirements are fulfilled in particular by hose- 
type sample chambers which are easy to fill and which 
can be dismantled, fractionated or otherwise split up in 

35 the deep-frozen condition. 
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For example, it is known from DE 102 51 668 to fix sev- 
eral hose-type sample chambers to a holding frame. The 
disadvantage with this structural arrangement is that 
5 the sample chambers have a very small receiving capacity 
with practically sensible frame sizes. Furthermore, a 
disadvantageous aspect can be that an auxiliary unit may 
be required under certain circumstances for loading the 
sample chambers. In DE 102 51 668, it is also proposed 

10 to use the sample chambers 10' in the form of bundles 

(refer to Figure 7). One end of the bundle is secured to 
a holder 20', on which the sample chambers for example 
are hung into a cryotank in the suspended condition. 
Furthermore, a data storage unit for the storage of the 

15 sample data is integrated in the holder 20'. Further 
data storage units can be secured along the length of 
the bundle . 

The conventional hose-type sample chambers have the fur- 
20 ther disadvantage that a coiling, a meander-shaped 

placement on a substrate or similar is required for a 
space-saving and stable location support. Up to the pre- 
sent, this has meant a high assembly work effort with 
simultaneous restriction of the possibilities for auto- 
25 mation. 

The object of the invention is to provide improved sam- 
ple receiving devices (sample containers, cryosub- 
strates) with which the disadvantages of the conven- 
30 tional sample chambers are overcome and which are char- 
acterized in particular by a simplified manufacturing 
process and/or an improved handling capability with the 
sample loading, during the freezing operation and during 
the sample extraction. It is also the object of the in- 
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vention to provide improved processes for the manufac- 
ture and/or for the usage of sample receiving devices, 
with which the disadvantages related to the manufacture 
or usage of conventional sample chambers are overcome 
5 and which allow in particular an inexpensive and mass- 
type usage of the cryoconservation. 

These objects are solved by sample receiving devices and 
processes with the features of the patent claims 1 or 
10 18. Advantageous embodiments and applications of the in- 
vention result from the dependent claims. 

The invention is based device-related on the general 
technical teaching to develop further a sample receiving 

15 device with a bundle of hollow-line-shaped, particularly 
hose-type or tubular sample chambers and a holding de- 
vice with which the bundle of the sample chambers is 
joined, to the extent that the holding device is estab- 
lished by individual holding frames separated from one 

2 0 another. The inventive formation of a compound made of 
sample chambers and holding frames attached over their 
length allows the creation of a ductile and stable belt 
or train in which the sample chambers have a pre- 
determined arrangement relative to one another. At first 

25 the belt forms an endless band from which a sample re- 
ceiving device, particularly for the cryoconservation of 
biological materials with the desired dimensions, can be 
separated, depending in each case on the requirements of 
a concrete application. The holding frames facilitate 

30 furthermore the creation of a compact and low-volume 
structural arrangement of the sample receiving device 
without causing any restriction of the receiving capac- 
ity of the sample chambers. 
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The holding frames can each consist of encircling frame 
parts and serve as holder or carrier of sample chamber 
sections between the frame parts, between which the sam- 
ple chambers are arranged in a self-supporting manner. 
5 Advantages for the sample extraction can result with 
this arrangement. 

According to the invention, a compound is created from 
the bundle of sample chambers and the holding frames 

10 wherein the holding frames are joined together by means 
of the sample chambers. The hollow-line-shaped, particu- 
larly hose-type or tubular sample chambers form the end- 
less band and, subsequently, a basis or carrier for the 
holding frames. Advantageously, additional carrier or 

15 band materials can be dispensed with. 

The bundle of the sample chambers is a collection of 
similar or different long-stretched hollow chambers con- 
sisting of material that is ductile over the length of 

20 the bundle. If the sample chambers comprise individual 
and independent hoses, advantages can result for the 
manufacture of the sample receiving devices. As an al- 
ternative, all sample chambers or groups of sample cham- 
bers can be joined at the ends of the bundle, wherein 

25 advantages for the loading of the sample receiving de- 
vice can result. 

A holding frame is a carrying or supporting frame- 
structural component consisting of encircling frame 
30 parts that carries the sample chambers. Between the 

frame parts (for example, rods) of a holding frame, the 
sample chambers are arranged in a self-supporting man- 
ner . 
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If, according to a preferred embodiment of the inven- 
tion, the holding frames form plane level carriers on 
which the sample chambers are arranged next to one an- 
other, advantages can result for the observation of the 
5 sample chambers and for the access to the samples in 
frozen condition. The holding frames have preferably a 
rectangular form in which the sample chambers are 
aligned in a self-supporting arrangement and in straight 
orientation . 

10 

According to a further preferred embodiment of the in- 
vention, the holding frames joined to the bundle of sam- 
ple chambers can be spaced from one another. This vari- 
ant can have advantages with regard to the separation of 
15 individual holding frames from the train. The distances 
between the frame parts facing one another are selected 
in dependence of the concrete requirements. They are 
preferably larger than 1-times the thickness of the 
holding frames. 

20 

According to an alternative embodiment of the invention, 
it can be provided that the holding frames are arranged 
as separate parts, however without distances, along the 
length of the bundle. The frame parts facing one another 

25 have a mutual contact with one another. The holding 

frames are arranged in flush to one another. This em- 
bodiment can have advantages for stock-piling, particu- 
larly with the use of sample chambers consisting of rub- 
ber-elastic materials. With the formation of a stack by 

30 means of mutual flip-over of individual holding frames, 
there results a deformation and a constriction of the 
sample chambers between the holding frames. The sample 
chamber sections in the adjacent holding frames in each 
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case are mechanically separated from each other in this 
way . 

According to a further embodiment of the invention, it 
5 can be provided that the distances of the holding frames 
are selected in such a way that a holding frame can be 
placed on the adjacent holding frame by a change-around 
or flip-over without causing damage to the sample cham- 
bers between the holding frames. 

10 

In a particularly preferable realization of the sample 
receiving device according to the invention, the holding 
frames are arranged one above the other so that a com- 
pact structural arrangement is advantageously formed. 
15 The holding frames form a stack. For the purpose of mu- 
tual position fixation, a clamping device such as a 
clamp or an elastic band can be provided for, with which 
the holding frames are held together. 

20 According to further variants of the invention, an inte- 
grated electronic or optical data storage unit can be 
provided in each case in at least one or in all of the 
holding frames so that, in an advantageous manner, the 
functionality of the sample . receiving device can be ex- 

25 tended. Additionally or as an alternative, at least one 
data storage device can be provided along the longitudi- 
nal direction of the bundle of the sample chambers be- 
tween at least two holding frames or at the end of the 
bundle . In each of the above-mentioned stacks for exam- 

30 pie, several holding frames and at least one data stor- 
age device can be contained. 

In general and in accordance with the invention, sample 
chambers can be used with all forms which are desired 
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for the concrete application. In many cases, the sample 
chambers along their length have a homogenous form and 
in particular a constant, for example a round cross- 
sectional area. Particular advantages of the compound 
5 according to the invention consisting of at least two 
long-stretched sample chambers with a series of holding 
frames can result if the sample chambers have, with ref- 
erence to their longitudinal expansion, non-rotation- 
symmetrical cross-sectional areas and/or a changeable 
10 cross-sectional area along their longitudinal expansion. 
In this case, a pre-specif ied relative alignment of the 
sample chambers can be obtained with the holding frames 
within the bundle and/or over the entire length of the 
sample chambers. 

15 

If the sample chambers according to a first variant have 
a rectangular cross-section, essentially plane level 
lateral surfaces of the sample chambers are created, 
from which there can be advantages for the observation 

20 of or measurement on samples. Particularly advantageous 
is the situation wherein all sample chambers are secured 
to the holding frames in such a way that, in each case, 
a plane level lateral surface of the sample chambers is 
aligned parallel to the plane level expansion of the 

25 holding frames. 

If the sample chambers according to a further variant 
have a cross-section that changes along the length of 
the sample chambers, chamber sections can alternate with 
30 a larger and with a smaller cross-sectional area so that 
compartments or partial chambers are advantageously cre- 
ated. The compartments can facilitate the sample extrac- 
tion particularly in the frozen condition. Preferably, 
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the cross-section of the sample chambers is periodically 
changed so that a plurality of compartments is formed. 

As an alternative, sample chambers can be provided, 
5 which are subdivided by at least one chamber wall into 
at least two long-stretched partial chambers reaching 
over the bundle length. Such sample chambers are, for 
example, multiple compound hoses. The sub-division into 
partial chambers can be advantageous for special storage 

10 techniques for the purpose of, for example, the freezing 
of samples and reference samples in a solid compound. If 
the chamber wall is partially permeable according to a 
further modification, a substance exchange can be real- 
ized between the partial chambers, particularly before 

15 freezing or after thawing. The partial permeability is 
achieved preferably by the use of a chamber wall with 
pores such as in a filter material or a dialysis mem- 
brane . 

20 The invention is based process-related on the general 
technical teaching of providing a sample receiving de- 
vice according to the invention by means of a simultane- 
ous provision of a plurality of sample chambers, for ex- 
ample by the removal of the sample chambers from deliv- 

25 ery rollers or by parallel forming (production e.g. with 
several extruders) , positioning of the holding frames 
and coiling of the compound from sample chambers and 
holding frames. This method has the advantage that hol- 
low-line-shaped sample chambers with considerable 

30 lengths, e.g. of some meters or some 10 meters, can be 
joined without the danger of an undesirable looping or 
coiling to compact sample receiving devices . 
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If, according to a preferred embodiment of the inven- 
tion, the holding frames made of plastic are attached to 
the sample chambers by means of injection molding, the 
production of the sample receiving device according to 
5 the invention can be further simplified in an advanta- 
geous manner. 

Advantageous embodiments and applications of the inven- 
tion are described as follows with reference to the at- 
10 tached drawings. The figures show the following: 



Figure 1: a schematic illustration of a sample receiving 
device according to the invention, 



15 Figure 2 : a sample receiving device according to the 
invention with a holding frame stack, 



Figure 3: a partial sample separated from the sample 
receiving device, 

20 

Figure 4: various forms of sample chambers, 



Figures 5, 6: illustrations of the manufacture of the 
sample receiving device according to the invention, and 

25 

Figure 7 : a conventional sample receiver with hoses 
(state of the art) . 



The invention is described as follows with exemplary 
30 reference to sample receiving devices with hose sample 
chambers for the cryoconservation of biological materi- 
als. Details of the cryoconservation, particularly with 
a sample and data storage, are known as such from the 
state of the art. These details are therefore not de- 
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scribed here separately, insofar as they are not of sig- 
nificance for the implementation of the invention. 

The sample receiving device 100 according to the inven- 
5 tion comprises according to Figure 1 the bundle 10 of 
the sample chambers 11, 12, ... and the holding device 
20. The sample chambers 11, 12, ... are a plurality of 
hollow liquid lines which consist of ductile flexible 
material. The flexibility is established particularly by 

10 a plastics material such as, for example, HDPE or PTFE, 
but with sufficiently small wall thicknesses can also be 
adequate with metals such as Au, steel or semiconductor 
materials such as Si or compound materials, in order to 
realize in particular the roller or stack arrangements 

15 described below without causing damage to the sample 

chambers. The internal diameters of the sample chambers 
can be in the range of a few urn to for example 15 mm. 
The wall thickness of the sample chambers can also be 
varied within this range wherein, as a rule, they are 

20 designed so thin that the sample chambers in the frozen 
(solid) condition can be cut through for sample extrac- 
tion. The number of the sample chambers is preferably 
adapted to the formats normally used in biotechnology 
and lies, for example, in the region between 96 and 256, 

25 but can also be selected below (as shown) or above this 
range . 

The holding device 20 comprises the holding frames 21, 
22, which are arranged along the longitudinal ex- 

30 tension of the bundle 10 with pre-determined frame dis- 
tances. The holding frames 21, 22, ... comprise frame 
parts with two longitudinal frame parts and two trans- 
verse frame parts, which are aligned parallel and trans- 
verse to the longitudinal direction of the bundle 10 and 
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which form a rectangle. The holding frames 21, 22, ... 
consist of synthetic material, for example PE (in par- 
ticular HDPE) , PTFE, TPX. The sample chambers are formed 
onto the holding frames by means of injection molding 
5 (see below) . 

The size of the holding frames 21, 22, ... is selected 
depending on the application and particularly the number 
of the sample chambers in each individual case. The 

10 length of the longitudinal frame parts can, for example, 
be selected in the range of 10 mm to 20 cm while the 
length of the transverse frame parts is designed for the 
receiving of at least two sample chambers and lies in 
the range between 5 mm and 20 cm. The thickness of the 

15 holding frames is, for example, between about 0.5 to 10 
mm. The distances between adjacent holding frames are, 
for example, in the range of at least 1-times the thick- 
ness of the holding frames, particularly 10 mm to 100 
mm . 

20 

Between two holding frames a data storage device 50 is 
shown at the sample receiving device 100, showing a data 
storage unit in a plastic encapsulation with a size that 
is adapted to the sizes of the holding frames. The con- 
25 figuration and function of the data storage device 50 
are known as such so that no further details are given 
here . 

For the purpose of cryoconservation, the sample receiv- 
30 ing device 100 can be arranged in a freely suspended 

manner in a container with an adequately low temperature 
(for example the temperature of the liquid nitrogen or 
its vapor) . In this case, an end piece 60 can be pro- 
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vided at one end of the bundle 10 for suspension of the 
sample receiving device 100 in the cryocontainer . 

Deviating from the illustrated embodiment of the inven- 
5 tion, the holding frames can be provided with different 
sizes, other geometrical forms (for example other mul- 
tiple corner forms or round holding frames) or with a 
changed alignment relative to the bundle longitudinal 
direction. Furthermore, the bundle 10 can be subdivided 
10 into partial bundles, each with smaller holding frames 

which, partially with common holding frames, are unified 
to a main bundle. Furthermore, non-plane-level holding 
frames can be provided. 

15 Figure 2 shows the sample receiving device 100 with the 
arrangement of the holding frames 21, 22, ... as stack 
30. For example, 2 to 10 holding frames, if required 
with at least one data storage device, are joined to a 
stack 30. The holding together in the stack 30 is 

20 achieved by holding the holding frames together by at 
least one elastic band 40 or at least one clamp (not 
shown) . 

The sample chambers pass through the entire stack 30. 

25 For sample loading, the lower ends of the sample cham- 
bers can be joined with delivery reservoirs, for example 
in a micro- or nanotiter plate and the opposing ends 
with a suction device. In the frozen condition, the 
loops of the sample chambers formed between the holding 

30 frames can be interrupted, through which the sample ex- 
traction can be facilitated as required. 

As an alternative, holding frames with lined-up sample 
chambers, particularly in the frozen condition, can be 
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separated individually from the sample receiving device 
100. For example, Figure 3 shows an individual holding 
frame 21 with several sample chambers 11, 12 ... . Out- 
side of the holding frame, the sample chambers 11, 12 
5 ... protrude with different lengths, a fact which can 
have advantages for the sample extraction or sample 
deposition. The ends of the projecting sample chambers 
form a certain curvature whose shape is determined by a 
cutting tool for separation of the individual substrate 
10 according to Figure 3 from the sample receiving device 
100, and is selected depending on the requirements of a 
concrete cryoconservation task. 

In Figure 4, sample chambers with non-rotation symmetri- 
15 cal cross-sectional areas or compartments formed in the 
longitudinal direction, which are used in accordance 
with the invention are illustrated for the purpose of 
example. The embodiment of the sample hollow chambers, 
deviating from the cylinder form, can be significant for 
20 special measurement tasks or a microscopic observation 

of the samples, particularly of cells in the interior of 
the sample chambers. Particularly sample chambers can be 
provided with a rectangular cross-sectional area (par- 
tial image a) with a round (partial image b) or non- 
25 round (partial image c) cross-section area periodically 
varying in the longitudinal direction, or a compound 
structure with several partial chambers (partial images 
d, e) joined in the longitudinal direction. The rectan- 
gular chamber of (a) facilitates optical observations at 
30 the sample. The compartment formation (creation of 

lined-up partial chambers which are separated from one 
another by means of constrictions) serves the purpose of 
selective extraction of chamber parts in the frozen con- 
dition . 
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The subdivisioriing of, for example, the sample chamber 
11 (partial image d) into two partial chambers 11a, lib, 
which are separated by the chamber wall 70, provides for 
5 particular advantages if the chamber wall 70 is semi- 
permeable so that a substance exchange between the two 
partial chambers 11a, lib can be realized. For example, 
a cell suspension is introduced into the partial chamber 
11a, and a nutrient solution with a cryoprotective agent 

10 is introduced into the partial chamber lib. Depending on 
the time lag between the loading of the partial chambers 
11a, lib up to the freezing process, the amount of cryo- 
protective agent diffusing into the cell suspension can 
be set. On the other hand, during the thawing process 

15 and by means of a flow of washing solution through the 
partial chamber lib, the cryoprotective agent can be 
withdrawn from the cell suspension in the first partial 
chamber 11a by means of diffusion. Advantageously in 
this case, the centrif ugation of cells which has been 

20 standard practice up to the present is avoided which 
centrif ugation can lead to damage of the thawed-out 
cells. The band-type combination of sample chambers ac- 
cording to partial image e makes possible that certain 
cells are accommodated in each partial chamber wherein 

25 said cells are to be brought into contact only after 

thawing (e.g. stem cells with sustentacular cells etc.). 

The wall chamber 70 can reach longitudinally through the 
sample chamber 11 and, in this case, can form a plain 
30 partition wall (partial images f, g) or a more complex 

configuration (partial image a) . The chamber wall 70 can 
be established in a permeable manner with pores (partial 
image f) or as a dialysis membrane (partial image g) for 
certain sample constituents. The pores or perforations 
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can have diameters of some micrometers or less, so that 
the cells cannot pass through the partition wall. If 
this transition is desired in particular, the pores are 
then selected in a larger size. The partial images f and 
5 g show that, with the sample loading or with the sample 
treatment after thawing, the flows through the partial 
chambers with the participating suspensions and solu- 
tions can be in the same or in opposing directions. It 
can be provided according to the invention that the sam- 
10 pie chambers as such can be structured from cellulose 
membranes or from dialysis membranes. 

The Figures 5 and 6 show the principle of a device 200 
for the production of the inventive sample receiving de- 
vice 100 as an endless cryosubstrate . The device 200 
comprises an assembly group 210 for providing the sample 
chambers, a fixation device 220 for securing the holding 
frames and a collecting device 230 for accommodating the 
sample receiving device 100. For the illustrated embodi- 
ment, the assembly group 210 comprises delivery rollers 
211 on which, in each case, sample chambers are coiled 
up. The number of the delivery rollers 211 corresponds 
to the number of the sample chambers to be joined up in 
the bundle 10. As an alternative, an extruder arrange- 
ment can be provided, on which the sample chambers can 
be produced according to the techniques, known as such, 
for hose production. 

The fixation device 220 comprises a first and a second 
30 adjusting device 221, 223 for mutual alignment of the 
sample chambers in the bundle 10 and a schematically 
shown jointing device 222 for attaching the holding 
frames 21, 22, ... . In the embodiment shown, the ad- 
justing device 221, 223 comprises two rolls, which if 

15 
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necessary are provided with a structured surface and 
which specify the distances between the sample chambers 
on the holding frames . 

5 From the delivery rollers 211, hoses or other hollow 
band systems, which form the sample chambers, run via 
the first adjusting device 221 from which the hoses run 
parallel and freely tensioned by the fixation device 220 
up to the second adjusting device 221. By means of the 

10 jointing device 222, the sample chambers are jointed 

into the holding frames 21, 22 with an injection molding 
process or plastic jointing process, known as such, or 
the holding frames are formed onto the sample chambers . 
If the holding frames are formed as clamp frames from 

15 two half frames in each case, between which the sample 
chambers are clamped, a mechanical joining of the half 
frames at the jointing device can be provided from both 
sides of the clamped-on sample chambers. 

20 The holding frames fix the sample chambers in the sol- 
idly clamped straight form. The fixation for the cryo- 
conservation is at first non-detachable but can be bro- 
ken up, for example, for sample extraction with spe- 
cially adapted tools. Via the second adjusting device 

25 223, the compound of sample chambers and holding frames 
runs towards the collecting device 230 which comprises, 
for example, a collecting roller. 

The collecting device 230 with the coiled-up sample re- 
30 ceiving device 100 represents an embodiment of the in- 
vention which can be sent to the user as a finished 
product. Depending on the concrete requirements, an in- 
dividual holding frame with the clamped-on sample cham- 
bers or a train with several holding frames can then be 
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separated. Sample loading can take place in the rolled- 
up or separated condition of the sample receiving de- 
vice . 

The features of the invention disclosed in the descrip- 
tion as stated in the specification above, in the claims 
and in the drawings can be of significance both indi- 
vidually as well as in combination for the realization 
of the invention in its various embodiments. 
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